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1078–5Objectives. The aim of this study was to assess the feasibility and efficacy of a new laparoscopic vascular suturing device.
Methods. Animal study: six pigs underwent surgery using a retroperitoneal laparoscopic approach. Aorto-prosthetic
side-to-end and end-to-end anastomoses were performed laparoscopically on each pig using SuDyn. Clamping and
anastomosis times, as well as the properties of the anastomoses, were recorded.
Study on cadavers: four aorto-prosthetic end-to-end anastomoses were performed using the direct transperitoneal
laparoscopic approach to assess the feasibility of the SuDyn device on atherosclerotic aortas.
Results. Animal study: No pigs died and 12 patent and impermeable anastomoses were obtained. Mean anastomosis time
was 38(þ/8) min for end-to-side anastomoses and 37(þ/5) min for end-to-end anastomoses.
Study on cadavers: Totally laparoscopic anastomoses were performed in 4 human cadavers with a mean anastomosis
time of 37(þ/3) min.
Conclusions. SuDyn makes laparoscopic aorto-prosthetic anastomoses easier to perform, produces good results and does
not require a learning curve.
 2007 Published by Elsevier Ltd on behalf of European Society for Vascular Surgery.
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Since Dion performed the first total laparoscopic
aortobifemoral bypass in 1993,1 widespread applica-
tions of totally laparoscopic aortic reconstructions
have been limited by technical difficulties. According
to Coggia,2 the two main difficulties are exposure of
the abdominal aorta and performing laparoscopic
anastomoses. With regard to exposure of the aorta,
different approaches have now been well described,
including the ‘‘apron technique’’,3 transperitoneal
left retrorenal and left retrocolic approaches,2,4 the ret-
roperitoneoscopic approach and the direct transperi-
toneal approach.5e7
Regardless of the approach, performing laparo-
scopic anastomoses remains technically veryUniversity of Lyon awarded the Antonin Poncet prize to the
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884/000730+ 07 $34.00/0  2007 Published by Elsevier Ltd ondemanding with a long aortic cross-clamping time
and consequently a long operative time.8 To make the
procedure easier, as well as to shorten the clamping
time, it was necessary to develop a new anastomosis
process.
We performed a preliminary comparative in vitro
study between threads, stents, clips and staples for
aorto-prosthetic anastomoses.9 This study suggested
that the usual suture was the most resistant and the
most suitable system. Protomed (Marseilles, France)
developed a new anastomosis system using thread
and needle. The aim of the present study was to assess
the feasibility of this new vascular suturing device on
animal and cadaver models.Materials and Methods
Suturing device
Protomed has developed a new semi-automatic and
dynamometric suture system (SuDyn) using thread
and needle and acting as a substitute for knot-tying.behalf of European Society for Vascular Surgery.
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thread. It has a dynamometric profile in order to con-
trol the tensile strength of the thread. The SuDyn is
a synthetic device (3 mm high and wide) presenting
a pledget on its lower side to encourage haemostasis.
It is compatible with polypropylene sutures (3/0 and
4/0). It can be used to secure a continuous suture,
a single stitch or a U-stitch. It is used and implanted
thanks to a specific ancillary, through a 15 mm-port.
This device is not yet a single shot anastomotic de-
vice system but it has been designed to make laparo-
scopic anastomoses easier to perform, and to shorten
both clamping and operative times. The device used
in this study was a prototype capable of operating
in a totally laparoscopic environment.
In this study, we used interrupted sutures to
perform aorto-prosthtetic anastomoses in order to
simplify the manipulation of the thread and needle,
and to avoid the main difficulty of the running suture,
that is, keeping the suture at the right degree of
tension without causing trauma.Surgical team
The surgical team consisted of a surgeon and two
assistants. The surgeon had no particular experience
in laparoscopic aortic anastomoses and did not follow
a formal training programme.In vivo animal experimental study
Surgical protocol
Six pigs, weighing 25e30 kg, were operated on under
general anaesthesia with endotracheal intubation.
Three ports were installed (one for the video camera e
10 mm, one for instruments e 10 mm, and one for
instruments and the ancillary e 15 mm). The latter
trocar was chosen in order to make it easier to handle
the prototype ancillary.
A retroperitoneal approach was used systemati-
cally. The aorta was laparoscopically dissected from
the renal artery to the iliac bifurcation. Two aortic
clamps were inserted: one transcutaneously posi-
tioned below the renal arteries and one releasable
clamp placed on the common iliac artery.
In each animal, two totally laparoscopic aorto-
prosthetic anastomoses were performed consecutively
using a 7 mm Dacron graft and separate 4-0 polypro-
pylene stitches using the SuDyn. The first anastomo-
sis was an end to side anastomosis (SEA) placed at the
distal part of the infra renal aorta. Anastomosis and
aortic clamping times, patency, impermeability and
blood loss (blood collected in the vacuum tank) wererecorded. With an intravenous injection of adrenalin,
arterial pressure was increased up to 200 mmHg and
the impermeability of the anastomosis was assessed.
An angiogram was performed and the anastomotic
site was removed for macroscopic evaluation.
The second anastomosis was an end to end anasto-
mosis (EEA) placed at the proximal part of the infra
renal aorta, on which the protocol described above
was used. At the end of the experimentation, euthana-
sia was effected by administering KCl (40 mequiv)
intravenously. The whole procedure was video
recorded. Animal care complied with animal experi-
mentation legislation. The protocol was reviewed by
the local ethics committee.Experimental cadaver study
In 4 human cadavers we used a total laparoscopic
direct transperitonal approach. After installing 3 ports
(one at the umbilicus for the video-camera e10 mm,
one for instruments e 5 mm and one for instruments
and the ancillary e 15 mm), the infra renal aorta was
exposed thanks to a new intestinal retractor and dis-
sected from the renal arteries to the iliac bifurcation.
After transection of the aorta we performed EEA
with a Dacron graft using the SuDyn. Anastomosis
time was recorded.Results
In vivo animal experimental study
Feasibility
The experiments were successful on all six pigs.
Twelve patent and impermeable anastomoses were
performed with the SuDyn, confirming the feasibility
and reproducibility of this new system in totally lapa-
roscopic surgery (Fig. 1). Nine (þ/1) SuDyn were
needed to perform the SEAs and 8(þ/1) for the EEAs.
Impermeability
Spontaneous impermeability was satisfactory with no
leakage from any of the anastomoses. Mean blood loss
was 96 ml (þ/46) for SEAs and 200 ml (þ/148) for
EEAs.
After increasing arterial pressure up to 200 mmHg
with an intravenous adrenalin injection, leakage was
observed from 2 anastomoses. Moderate leakage at
160 mmHg for one SEA and at 205 mmHg for one
EEA. For one pig, we did not succeed in increasing
blood pressure because of technical difficulties (dis-
section of the carotid artery in which the catheter
was implanted).Eur J Vasc Endovasc Surg Vol 35, June 2008
Fig. 1. End-to-end aorto-prosthetic anastomosis with
SuDyn.
732 A. Millon et al.Patency and angiographic control
All anastomoses were patent, and the angiographic
control revealed good results, except for two anasto-
moses (one end to side and one end to end) which
showed 30% stenoses.Macroscopic examination
No anomalies were noticed. There were no clots, no
thromboses and the SuDyn were regularly distrib-
uted (Fig. 2).Prototype functionality
As the ancillary is only in its prototype phase, some
SuDyn implantations were unsuccessful, with
a failure rate of 19% for SEAs and 27% for EEAs.
Thanks to video recording, post data processing was
possible allowing us to see the duration of each
individual stitch (from the insertion of the needle toFig. 2. Macroscopic view of the anastomotic site. (a) Lateral v
Eur J Vasc Endovasc Surg Vol 35, June 2008the release of the SuDyn). The anastomosis times
presented below exclude the failures.
Aortic clamping times, anastomosis times and learning
curve (Fig. 3)
Mean aortic clamping time was 55(þ/8) min for
SEA and 62(þ/13) min for EEA. Mean anastomosis
time was 38(þ/8) min for SEA and 37(þ/5) min
for EEA. These times were approximately constant
and there was no improvement in the course of the
study. Statistical analysis with a trend test confirmed
that the learning curve was not significant (the slope
of the trend line is not significant p¼ 0.36 for SEA
and p¼ 0.14 for EEA).
To explain the differences between clamping and
anastomotic time, we calculated that the failed
SuDynwere responsible for a mean clamping time in-
crease of 8 min (þ/4) for SEA and of 17 min (þ/9)
for EEA.
Experimental cadaver study
We performed 4 EEA with the SuDyn using a total
laparoscopic approach confirming the feasibility of
the SuDyn with atherosclerotic, calcified and fragile
aortas. Mean aortic anastomosis time was 37 min
(þ/3). We observed a SuDyn failure rate of 25%.
No stenosis was noticed on macroscopic examination.
Discussion
Despite the technical improvements made by the sur-
gical team, the operative and aortic cross-clamping time
needed to perform the laparoscopic aorto-prosthetic
anastomoses remains long in comparison with
‘‘open’’ surgery.7 We report in Table 1 the results of
4 comparatives studies showing a significant increaseiew of SEA (b) View of EEA suture line (after aortotomy).
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Fig. 3. Anastomosis times with trend lines. (a) Side-to-End
anastomosis (b) End-to-End anastomosis.
733Evaluation of a New Vascular Device System for Aortic Laparoscopic Surgeryin clamping time between total laparoscopic versus
open or laparoscopy-assisted aortic surgery.10e13 In
other surgical fields, the total laparoscopic approach
is generally considered to be the gold standard de-
spite its longer operative time compared to that of
the ‘‘open’’ standard procedure. However, longer
aortic cross-clamping time induces longer tissue is-
chaemia and cardiac stress, potentially responsible
for more complications. Improving laparoscopic anas-
tomosis completion times would decrease aortic
cross-clamping time.Table 1. Comparative studies between total laparoscopic aortic surg
Authors
Coggia (12) Total laparoscopic Abdominal Aortic
Aneurysm (AAA) repair
Conventional AAA open repair
Edoga (13) Total laparoscopic AAA repair
Conventional AAA open repair
Rouers (14) Total laparoscopic aorto-femoral bypass
Conventional median laparotomy
Kolvenbach (15) Total laparoscopic AAA repair
Laparoscopy-assisted AAA repair
Kolvenbach (15) Total laparoscopic aorto-femoral bypass
Laparoscopy-assisted aorto-femoral bypass
nr not reported.
ns not significant.
* median and range.
** mean and standard deviation.Since Carrel’s pioneering work on vascular anasto-
mosis,14 a variety of alternative non-suture techniques
have been developed to perform an ideal anastomo-
sis. Rings, staples, clips, stents, adhesives or welding
have been tested as substitutes for needles and thread,
but most of these have had no clinical application.15
We have reviewed animal model experimental
studies on new aortic anastomotic devices in the last
10 years. The results are reported in Table 2.16e25
Two surgical teams studied stapled aortic anasto-
moses with results that were good in an animal model
but not totally reliable when applied to human
cadavers.16,17 Recently, Shifrin et al. developed an
intravascular stapler for ‘‘open’’ aortic surgery18 with
excellent anastomosis times and a very low leakage
rate. Other studies examined whether vascular
closure stapler clips decreased the time needed for per-
forming anastomosis in the abdominal aorta without
intimal lesions.19e21 The preliminary results were
encouraging but could not be used to predict clinical ef-
ficacy. Other anastomotic suture-less devices22e25 also
produced good results in vitro and in animal models.
In most of these studies, the authors were able to
perform an aorto-prosthetic anastomosis with a short
clamping time. It can nevertheless be observed that
none was performed using a total laparoscopic
approach. The devices described were able to perform
either SEA or EEA, but rarely both, and only three of
them were tested on cadaverous aortas.17,18,22 We can
also observe that some of the devices require restric-
tive anatomical conditions (>15 mm proximal and
distal aortic neck).22
The present experiment confirmed the feasibility of
a totally laparoscopic, patent and impermeableery and open or laparoscopy-assisted aortic surgery
n Operative time
(minutes)
Clamping time
(minutes)
30 255 (170e410)* 80 (35e110)*
30 200 (130e410)* 50 (24e150)*
p¼ 0.0002 p< 0.0001
20 391 (180e600)* 146 (67e286)
100 238 (95e520)* 95 (38e235)*
nr*** nr***
30 244.3 (þ/10.9)** 65.7 (þ/4.8)**
28 136.0 (þ/4.3)** 17.2 (þ/0.4)**
p< 0.0001 p< 0.0001
131 265 (145e405)* 95 (30e160)*
215 175 (85e250)* 55 (25e130)*
p< 0.05 p< 0.05
105 195 (125e250)* 45 (25e115)*
187 165 (100e250)* 25 (15e40)*
ns**** p< 0.05
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Table 2. Recent experimental studies of new aortic anastomotic devices on animal models
Anastomotic
device
In vitro
experiment
Test bench
In vivo
experiment
Animal
Totally
laparoscopic
experimentation
Histological
examination
after
survival
Cadaver
aorta
experiment
End-to-end
anastomosis
Side-to-end
anastomosis
Circular
stapler
Circular Stapler
Digital Loading
Unit (18)
þ þ  þ  þ þ
Endopath
ILS (19)
 þ  þ þ  þ
Shifrin
stapler (20)
þ þ  þ þ  þ
Clips Vascular Closure
Stapler VCS (21)
 þ    þ 
Titanium clips (22)  þ  þ   þ
VCS (23)  þ    þ 
Endograft Hermetic
Docking
Head (24)
þ þ  þ þ þ 
Exovascular
sleeve
anastomosis
The exovascular
anastomotic
device (25)
þ þ  þ  þ 
Internal stent
with an
external
stent
The Lock Stent
Device (26)
þ þ  þ  þ 
Rings The Vascular
Join (27)
 þ  þ  þ 
Thread and
needle
SuDyn þ þ þ  þ þ þ
734 A. Millon et al.anastomosis thanks to the SuDyn device. Except in
one of Dion’s studies, published experimental studies
in a porcine model performing totally laparoscopic
aortic surgery26e31 report longer anastomosis times
(6 to 37 additional minutes for SEA; 3 to 33 additional
minutes for EEA). Most investigators observed a sig-
nificant learning curve (reduction in surgical,Table 3. Anastomosis time and learning curve in totally laparoscopi
Authors Year Pigs Procedure Aortic Anastomosis A
Dion et al.26 1999 6 Aorto-bifemoral End-to-end
running suture
3
Dion et al.27 1999 6 Aorto-bifemoral End-to-side
running suture
4
Huynh et al.28 2007 10 Aorto-aortic End-to-end
running suture
P
Alimi et al.29 1998 10 Aorto-aortic End-to-end
running suture
P
Alimi et al.30 1999 6 Aorto-aortic End-to-end
running suture
P
Bruns et al.31 1998 18 Aorto-bifemoral End-to-side
running suture
6
This study 2007 6 End-to-side
interrupted suture
3
2007 6 End-to-end
interrupted suture
3
nr not reported.
* Apron approach.
** Retrocolic approach.
0
Clamping time for transperitoneal approach.
00 Clamping time for retroperitoneal approach.
Eur J Vasc Endovasc Surg Vol 35, June 2008particularly anastomosis, times as the studies pro-
gressed) (Table 3). We were did not find that aortic
clamp time reduced, partly due to the prototypal
ancillary, which needs to be improved. As our prelim-
inary choice was to retain needle and thread, we were
able to anticipate that the clamping time would be sig-
nificantly higher than that of the single-shot systems.c aortic surgery: report of experimental studies in pigs
nastomosis time (min) Learning curve
3 (24e45) nr
4 (35e60) nr
roximal 51 17* 56 18** Distal 40 4* 41 12** þ
roximal 82 (30e155) Distal 70 (45e105) þ
roximal 59 (40e75) Distal 64 (50e80) þ
0 (45e75)0 75 (60e90)00 þ
8 8 
7 5 
735Evaluation of a New Vascular Device System for Aortic Laparoscopic SurgeryAs mentioned in a previous bench study,9 thread and
needle remains the best, and most reliable, system for
suturing all kinds of aortas, particularly those that are
calcified, and is associated, in clinical practice, with ex-
cellent long-term results.32 Avoiding laparoscopic
knot-tying, encouraging haemostasis around the
aortic puncture (pledget) and automatically cutting
the thread, the SuDyn device makes laparoscopic
anastomoses easier to perform, and there is no learning
curve. This argument is of great importance as it iswell-
known that the learning curve is amajor obstacle for the
expansion of totally laparoscopic vascular surgery.
Conclusion
The SuDyn device has been designed to perform lap-
aroscopic anastomoses using conventional vascular
suture thread because it is currently the only system
that is reliable for suturing all kinds of aortas. The
SuDyn is an interesting anastomosis system that
can make aortic laparoscopic surgery easier, and be
applied in all situations. In the future, our goal will
be to develop a final prototype which will make it
possible to lower the SuDyn failure rate, and to
decrease the size of both the SuDyn (<3 mm length)
and the diameter of the ancillary (<12 mm).
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